Background: Expression of p53, cyclin D1, p21 (WAF1) and Ki-67 (MIB1) was evaluated in oral squamous cell carcinoma (OSCC) to test whether levels of these markers at invasive tumour fronts (ITFs) could predict the development of local recurrence. Materials and Methods: Archived paraffin-embedded specimens from 51 patients with T1/T2 tumours were stained immunohistochemically and analysed quantitatively. Local recurrence-free survival was tested with Kaplan-Meier survival plots (log-rank test) using median values to define low and high expression groups and with a Cox's proportional hazards model in which the expression scores were entered as continuous variables. Results: The assessment of expression of all markers was highly reliable, univariate analysis showing that patients with clear surgical margins, with low cyclin D1 and high p21 expression at the ITF had the best local recurrence-free survival. Multivariate analysis showed that these three parameters were independent prognostic factors but that neither p53 nor MIB1 expression were of prognostic value. Conclusions: Assessment of p53, cyclin D1, p21 (WAF1), and Ki-67 (MIB1) at the ITF could help to predict local recurrence in early stage oral squamous cell carcinoma cases.
Introduction
Despite the advances in treatment over the past 20-30 years, there has been no significant improvement in the prognosis for OSCC, with a high incidence of local recurrence as the main cause of this poor outcome (Pisani et al., 1993; Malone et al., 2004; Ferlay et al., 2008; Ferlay et al., 2012) . TNM staging and histopathological grading are considered the main prognostic systems in OSCC, yet patients with similar stages of disease treated in a uniform manner experience a wide range of outcomes, presumably because of differences in the underlying biology of the tumour. This differential in treatment success is emphasised in patients with localised relatively small T1 and T2 tumours, many of whom develop recurrences or late metastasis. There is a pressing need to identify markers of prognosis to facilitate better assessment of tumour behaviour and aid the tailoring of specific treatments for individual patients particularly in patients with T1 and T2 lesions.
The development and progression of OSCC are characterised by imbalances of cell proliferation, , A Leonard 3 , S Napier 3 differentiation and death, all of which are believed to be the result of alterations in cell cycle control. Studies have shown that alterations in cell cycle regulators are found in many kinds of cancer (Rivera et al., 2014) . The p53 tumour suppressor gene has a major protective role to play in normal cells by monitoring the integrity of their genome. The product of wild-type p53 prevents uncontrolled cellular proliferation after DNA damage via G1 arrest of the cell cycle. This arrest functions either to provide extra time for DNA repair by mechanisms activated simultaneously by p53 or, if repair fails, to trigger cell suicide by apoptosis (Patel et al., 2013; Marcel et al. 2015) . The p21 protein, which is encoded by the WAF1/ Cip1 gene, is the main downstream effector of wild-type p53 and transcriptionally activates p21 in response to DNA damage and in p53-dependent apoptosis (King et al., 2014; Yan et al., 2015) . Cyclin D1 is encoded by CCND1/ PRAD-1 gene on chromosome locus 11q13. Cyclin D1, a putative protooncogene, is believed to accelerate the G1 phase of the cell cycle by binding to cyclin dependent kinase (cdk) 4 or 6. Therefore, overexpression of Cyclin D1, usually as a result of gene amplification, may force the cells into mitosis before DNA repair or replication is completed and to proliferate in the absence of positive growth factors, resulting in both genomic instability and cancer development (Mahdey et al., 2012; Malumbres, 2014) . The number of proliferating or cycling cells in the tumour, an important element in tumour growth, can be estimated using the monoclonal antibody . This antibody is directed against a nuclear antigen that is present in all phases of the cell cycle except G0 phase (Kilickap et al., 2014; Li et al., 2015) . Previous studies on the prognostic significance of p53, MIB1, p21 and Cyclin D1 in OSCC as determined by immunohistochemistry describe contradictory findings, probably as a result of variations patient selection, source of tissue, specimen processing, precise immunohistochemical techniques and antibodies used, evaluation of the staining, interpretation of data and statistical analysis (Schliephake et al., 2003; Heah et al., 2011; Kilickap et al., 2014; Petric et al., 2014; Shin and Kim, 2014) .
The cells of the invasive front of squamous cell carcinoma often display different molecular and morphological characteristics than more superficial parts of the same tumour. In addition to having the highest cell proliferation, recent evidence suggests that the invasive tumour front (ITF) gives the most prognostic information because, it is claimed, it contains the most aggressive subpopulation of tumour cells that ultimately will invade, spread locally and metastasise (Bryne, 1998; Khunamornpong et al., 2013) .
The aim of this study was to investigate whether the immunohistochemical expression of the molecular markers p53, Cyclin D1, p21 and MIB1 at the ITF is associated with local recurrence-free survival (LRFS) in patients with T1/T2 OSCC.
Materials and Methods

Patients
51 OSCC cases treated at School of Dentistry, Royal Victoria Hospital, Belfast City Hospital, Altnagelvin Area Hospital and Ulster Hospital Dundonald, Northern Ireland, were selected using the following inclusion criteria: (1) patients with T1/T2 tumours, (2) treated primarily by surgery with or without postoperative radiotherapy, (3) a minimum follow-up of thirty months for patients who did not develop local recurrence and were alive at the end of the study and (4) tissue blocks were available for immunohistochemical evaluation. The tumours were graded by two observers (FS and SN) using the invasive front grading (IFG) system and staged according to the UICC criteria Bryne, 1998; Hermanek and Sobin, 1987) . The status of the surgical margins was classified as positive if invasive carcinoma was present at the margin and close if the tumour was within 2 mm of the margin and as clear if the tumour further than 2 mm of the margin. Out of the 51 patients, 25 developed local recurrence within an average of 15.9 months after primary treatment (median 11, range 3-51), 22 patients (88%) suffered local recurrence within 24 months after treatment. The study has been approved by the Institution Research an Ethics Committee.
Immunohistochemistry
The following primary antibodies were used: p53 (DO7; Novocastra; Concentration of stock solution (CSS): 35ug/ml, Dilution 1:50); Cyclin D1 (DCS-6; DAKO; CSS: 307ug/ml, Dilution 1:100); p21 (WAF1, 4D10, Novocastra; CSS: 100ug/ml, Dilution 1:20); and Ki-67 (MIB1, Immunotech; CSS: 200ug/ml, Dilution 1:50). For each patient, a formalin-fixed, paraffin-embedded tissue block showing the ITF was selected for immunostaining. Four-micron sections were deparaffinized, rehydrated and treated with 3% H2O2 for 10 min to quench endogenous peroxidase activity. The sections were then immersed in 500 ml of 0.01M sodium citrate buffer (pH 6.0), heated on full power for 22 minutes in a microwave oven (850 W) to retrieve antigens. Immunohistochemical staining was done using the Envision system (Horseradish Peroxidasebased two-step immunostaining method, DAKO Corp., Carpinteria, USA) (Sabattini et al., 1998) . The sections were placed on racks in a humid container and washed with TRIS-buffered saline (TBS) and incubated at room temperature in the primary antibody solutions for 30 minutes. All test antibodies were controlled with type-and species-specific immunoglobulin solutions at equivalent concentrations as negative controls. In each staining batch, OSCCs known to express high levels of the antigens investigated were included as positive controls. After incubation, the slides were washed in TBS, drained and wiped dry and incubated for 30 minutes at room temperature in species-specific anti-mouse peroxidaselabelled polymer of the Envision system. Following incubation, the slides were washed in TBS, drained and wiped dry and Diaminobenzidine (DAB) (DAKO Corp., Carpinteria, USA) was then used to visualise the target antigens. Sections were then washed in TBS, lightly counterstained with Mayer's haematoxylin, dehydrated, cleaned and mounted.
Evaluation of staining
The slides were assessed in random order by using a set of random numbers. For each antibody, tumour cells were counted in 10 fields at the ITF, restricted to the most peripheral high power fields, using a Kontron Vidas Image Analysis system (Sabattini et al., 1998) . The fields were selected by randomly moving the microscope stage along the ITF, while out of focus. All the tumour cells in each field were counted; tumour cells were considered positive for each of the antibodies if there was brown intranuclear DAB staining irrespective of its intensity, while cells without brown staining were considered negative. The labelling index for each field (field LI), was calculated as the total number of positive cells divided by the total number of cells in that field and for each case, the mean value of the 10 readings of the LI (mean LI) was calculated from the 10 field LI values. For statistical analysis, the patients were divided into two groups using the median value of the mean LI as a cut-point; low expression (≤the median) and high expression groups (>the median). To determine the reliability of assessment, 10 out of the 51 cases were selected randomly and the original slides were re-evaluated to determine the field LI and mean LI approximately 4 weeks after the first set of measurements.
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Results
Patient and tumour characteristics and their prognostic value in terms of LRFS are shown in Table 1 .
Reliability of assessment
The 10 cases passed the "repeatability test" for the expression of p53, MIB1, Cyclin D1 and p21 and showed a highly significant correlation between the first and second measurements for these re-evaluated cases: p53 (rho=0.980, p<0.001), MIB1 (0.940, p<0.001), Cyclin D1 (rho=0.970, p<0.001) and p21 (0.920, p<0.001).
p53 expression at the ITF p53-positive tumour cells were mainly seen accumulating at the periphery of the invading tumour strands and islands whereas the inner more mature and differentiated cells were negative. A striking accumulation of p53-positive cells was seen in some cases at the ITF compared with more superficial areas. However, heterogeneity in intensity and location of p53-positive cells was noted within and between different tumour specimens. The median value of p53 expression was 36.8% (mean 38.2, range 0-94.9). High p53 expression tended to correlate with high MIB1 expression (rho=0.363, p=0.009) while no significant correlation between p53 and either Cyclin D1 or p21 was observed. There was no significant correlation between p53 expression and any of the patient or tumour characteristics listed in Table 1 .
MIB1 expression at the ITF
MIB1-positive cells were noted at the periphery of tumour islands and strands with some tumours exhibiting a predominant MIB1-positivity at the ITF. Other tumours showed dispersed focal MIB1-positivity. The median value of MIB1 expression was 25.7% (mean 29.8, range 1.1-82.1). In addition to the correlation with p53, MIB1 showed a significant positive correlation with Cyclin D1 (rho=0.391, p=0.005). Significantly higher MIB1 expression was found in T2 tumours than in T1 (p=0.04), in tumours >10 mm in depth than in tumours ≤ 10 mm in depth (p=0.01) and in patients with lymph node metastasis at presentation than in those without metastasis (p=0.047).
Cyclin D1 expression at the ITF
Cyclin D1 produced a similar staining pattern to that of p53 and MIB1 although occasionally it produced cytoplasmic staining in contrast to the nuclear staining in the case of p53 and MIB1. Similar to p53 and MIB1 some tumours showed predominant Cyclin D1-positive cells at the ITF while some showed focal positively or no discernible pattern. The median value of Cyclin D1 expression was 14.6% (mean 19.5, range 0.17-76.2). Other than the correlation with p53, we did not detect any correlation of Cyclin D1 with clinical or pathological parameters.
p21 expression at the ITF
The intensity of p21 staining was generally weaker than that of p53, MIB1 and Cyclin D1. In contrast to p53, MIB1 and Cyclin D1, p21 labelled the more differentiated central cells adjacent to the keratin pearls leaving the outer proliferating and less well differentiated cells negative. Mitotic figures were unreactive to p21. The median value 
Prognostic factors for local recurrence-free survival
Univariate analyses (Table 1 & 2) showed that patients with clear surgical margins (p=0.042, Figure 1 ) and those with low Cyclin D1 (p=0.034, Figure 2A ) or high p21 (p=0.0056, Figure 2B ) expression at the ITF had the best LRFS. Ten out of twenty-eight patients with clear margins (35.7%) developed local recurrence compared with 6/10 (60%) and 9/13 (69.2%) of those with close and positive margins, respectively. Interestingly, in patients who had clear margins, a majority of the those who had high Cyclin D1 developed local recurrence especially those with low p21 while the vast majority of patients who had low Cyclin D1 did not develop local recurrence whether p21 expression was high or low ( Figure 3A ). In contrast, in patients with close or positive margins the vast majority of patients who had low p21 developed local recurrence whether Cyclin D1 expression was high or low while there was approximately 50% chance of developing local recurrence when p21 level was high ( Figure 3B ). Multivariate analysis confirmed that Cyclin D1 and p21 immunohistochemical expression and the status of the surgical margin were significant independent prognostic factors in the prediction of local recurrence (Table 3 ). Cox's proportional hazards test calculated a hazard function for Cyclin D1 protein expression of 1.027, indicating an increase in the risk of local recurrence of almost 3% with every 1% increase in the protein expression at the ITF while that for p21 was 0.92, indicating an 8% decrease in the risk of local recurrence with every 1% increase in the protein expression. The model also showed that the risk of local recurrence is approximately 3 times greater in patients with close margins and approximately 4.5 times greater in patients with positive margins when compared with patients with clear margins.
Discussion
Local recurrence is one of the principle reasons for treatment failure in OSCC (Malone et al., 2004) . In this study, the selection criteria were chosen to investigate the importance of clinicopathological and some molecular markers in predicting the likelihood of development of local recurrence in T1/T2 tumours; 25 patients who suffered local recurrence were compared with 26 patients who did not develop local relapse. Our results showed that none of the clinicopathological variables studied was associated with local recurrence except the status of the surgical margin. The presence of either a close or a positive surgical margin increased the risk of developing local recurrence markedly, results in keeping with previous reports (Dissanayaka et al., 2012) . However, our results showed that around 36% of patients with clear margins developed local recurrence while 31-40% of patients with close or positive margins did not, highlighting the need to determine alternative molecular prognostic markers that would help to identify those at high risk of developing recurrence who would benefit from more aggressive therapy or close follow-up. To our knowledge, no published study on patients with OSCC assesses the association between p53, Cyclin D1, MIB1 and p21 protein expression at the ITF and the development of local recurrence. A few previous investigators evaluated the prognostic significance of p53 and MIB1 at the ITF of OSCC but they did not study local recurrence in particular or include measures of reliability in their methodology (Kato et al., 2011; Hassan et al., 2011; Heah et al., 2011; Silva et al., 2013; Verma et al., 2014) .
There is no agreement on the threshold level of positive staining that constitutes protein overexpression so that most authors have chosen cut-off points that give prognostically significant statistical differences between patient groups. Altman et al. (1994) stressed the fact that the "optimal cut-off approach", dividing the patients into groups by evaluating the effect of taking several cut-off points and selecting the cut-off that produced the most significant finding in relation to patient's outcome, increases significantly the false-positive rate (i.e., multiple testing bias) (Altman et al., 1994) . Therefore, in the univariate analysis in this study the median value was chosen as a cut-off point because the median is less prone to bias being a pre-specified cut-off point. In addition we assessed the expression of the marker as continuous variables in multivariate analysis to determine whether the effect of the differential expression is gradual or linear.
We found high p21 expression at the ITF to be significantly associated with better prognosis in terms of local recurrences and appeared independent of any other clinicopathological variables. The importance of p21 as a prognostic factor was highlighted in the multivariate analysis suggesting that p21 expression may be related to the biological behaviour of OSCC. p21 is able to interact with and inhibit all cdks, thus arresting cells in the G1-or G2-phase of the cell cycle (Rani & Minden, 2014) . A high level of p21 expression is necessary to inhibit cell cycle progression as p21 presents a threshold that cyclincdk complexes must overcome before the cell can enter into S-phase. This may suggest that tumours with low expression of p21 have lost control of cellular proliferation and may explain why these patients experienced a poor prognosis. However, this function of p21 alone is insufficient to explain the prognostic value of p21 in the current study since no significant correlation was found between the expression of p21 and cell proliferation as detected by MIB1. p21 is involved in p53-dependent induction of apoptosis and can retard the growth of human SCC cell lines in vivo and it may be that low levels of p21 incapacitate the apoptosis pathway (Rani & Minden, 2014) .
We found no correlation between expression of p53 protein at the ITF and any of the clinicopathological parameters or LRFS. Previous reports on p53 expression at the ITF of OSCCs found no significant association with overall survival, although they did not examine the association with the development of local recurrence (Kato et al., 2011; Hassan et al., 2011; Heah et al., 2011; Silva Junior Jde et al., 2013; Verma et al., 2014) . Why is it, if p21 is the main downstream effector of p53, that the expression of p21 was found to be important in prognosis but not p53? There is a number of possible explanations. First, it is not possible using immunohistochemistry alone to determine whether the positive immunoreactivity for p53 reflects the presence of stable mutant p53 protein or stabilisation of normal p53 through its binding to certain cellular gene products such as cdc2 protein kinase, mdm2 and heat shock proteins or with viral proteins notably E6 of highrisk human papillomaviruses (Mosmann et al., 2015) . On the other hand, there will be false-negative staining for p53 when the less common nonsense and frame-shift mutations result in the absence of p53 in the tumour cells. Therefore, p53 immunoexpression does not exactly correspond with p53 gene status. Second, p53 is only one of the regulators of p21; p21 can be induced by other events, such as serum starvation, contact inhibition and certain growth factors without being accompanied by an increase in p53 protein.
The failure to identify a correlation between p21 and p53 expression immunohistochemically support observations by other authors in favour of the independent action of these proteins (Harada & Ogden, 2000; Kato et al., 2000; Taghavi et al., 2010; Shinohara et al., 2014) .
Our results suggest that tumours with high Cyclin D1 expression at the ITF are more likely to recur locally, independent of the other clinicopathological parameters, including margin status. Previous studies on OSCC, although they did not focus specifically on the ITF, have reported that Cyclin D1 overexpression is associated with reduced disease-free or overall survival (Schliephake et al., 2004) . The G1-to S-phase transition in the cell cycle is believed to be accelerated by the binding of Cyclin D1 to cdk4/6, so that Cyclin D1 overproduction, mostly by gene amplification, results in loss of cell cycle control with unchecked cell division and proliferation (Mahdey et al., 2011) .
In spite of a significant correlation between MIB1 expression at the ITF and p53 expression, tumour depth, T-and N-stage of the tumour, we found no correlation with LRFS. The growth of a tumour depends on the proportion of cycling cells, the length of the cell cycle and the rate of cell loss or differentiation; MIB1 only estimates the first of these factors and it is not possible to measure the tumour growth precisely using MIB1-staining alone.
In conclusion, we have shown that the expression of Cyclin D1 and p21 could represent a molecular basis for the biological significance of the ITF in determining the biological behaviour of T1/T2 OSCC as both were independently associated with local recurrence in our patients. These findings suggest that immunohistochemical evaluation of Cyclin D1 and p21 expression may be a further useful prognostic marker for the selection of subgroups of patients at higher risk of developing local recurrence who could benefit from more aggressive surgical approaches, adjuvant radiotherapy or chemotherapy as well as for identifying those who require regular and closer follow-up. However, further studies involving larger number of patients are required.
The status of the surgical margin was also important, obtaining a clear surgical margin is an important determinant of good outcome; however as our results showed some patients with clear margins developed local recurrence while some patients with close/positive margins did not. This may suggest that the assessment of the status of the surgical margins using histopathology alone is a crude method. In this study, we did not assess epithelial dysplasia at the margins due to the reported subjectivity in its diagnosis and the difficulty in achieving reproducible data (Manchanda & Shetty, 2011) . However, we believe that molecular markers could play a more objective and hence more reliable method for the assessment of dysplasia at the margins. Further studies to examine the association between p53, MIB1, Cyclin D1 and p21 expression at the margin of OSCC and the development of local recurrence are required.
